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(54) [Title of the Invention] Color Liquid Crystal Display Method 
(57) [Abstract] 

[Object] To realize a color liquid-crystal display in a black-and-white display transmission-type liquid- 
crystal panel having a simple panel structure. 

[Structure] When one color image display data is selected from RGB color image display data and sent 
to a black-and-white display transmission type liquid-crystal display panel 1, the data is sent twice 
successively, the corresponding one color light source RL, GL, BL is lit at the time of the second data 
transmission, and this operation is conducted for each color image display data. When one of color light 
sources RL, GL, BL is thus lit, the data of the previous color is completely erased from the display of 
the liquid-crystal display panel 1, the corresponding color image display data is displayed, the color 
light source and the color image display data that is to be displayed are matched, and a color image of 
faithful colors is displayed. 

[Patent Claims] 

[Claim 1] A color liquid-crystal display method, characterized in that when color image display data of 
a plurality of colors are selected one by one in a time sequence and sent to a liquid-crystal panel in a 
liquid-crystal display device comprising a black-and-white display transmission-type liquid-crystal 
panel, a circuit unit for selecting color image display data by colors and supplying each data with time 
division to said liquid-crystal panel, color light sources corresponding to the colors of said color image 
display data, and a circuit unit for controlling the lighting of said color light sources synchronously with 
the supply of said color image display data to the liquid-crystal panel, the color image display data of 
the same color are sent successively twice, and the color light source of the corresponding color is lit to 
match the second display. 

[Claim 2] A color liquid-crystal display method, characterized in that when color image display data of 
a plurality of colors are selected one by one in a time sequence and sent to a liquid-crystal panel in a 
liquid-crystal display device comprising a black-and-white display transmission-type liquid-ciystal 
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[0007] In order to resolve those problems, it is suggested to use a black-and-white display transmission- 
type liquid-crystal panel for forming monochromatic pixels correspondingly to the surface area of the 
RGB color pixels, select one color image display data in time succession from among the color image 
display data of RGB colors, send the selected data to the black-and-white display transmission-type 
liquid-crystal panel, display the image, and control the lighting of the color light source of the color 
corresponding to the display data in the time sequence, to thereby perform color liquid-crystal display. 

[0008] However, in the relationship between the transfer of color image display data to the liquid-crystal 
panel and the operation of lighting the color light sources, it is suggested to light the color light source 
after the transmission of the color image display data. The resultant problem is that the light time of the 
color light source is short, and the display is dark. Furthermore, it is also suggested to increase the rate 
at which the color image display data are transferred and extend as much as possible the subsequent 
light time of the color light source in order to obtain a bright display. However, there are many 
restrictions on increasing the speed of the display, such as the operation speed of the liquid-crystal 
materials (molecules), the drive circuit rate, and the like. 

[0009] Furthermore, if the color light source is lit while the image display data is being transferred to 
the liquid-crystal panel, then the color image display data that has been transferred immediately 
beforehand and has already been displayed on the liquid-crystal panel is not completely overwritten. 
The resultant problem is that the portion that is displayed with the previous color image display data 
does not match the color of the color source that is presently lit, and the image of the expected color 
cannot be displayed. 

[0010] The present invention was created to solve the above-described problems, and it is an object 
thereof to realize a color liquid-crystal display in a black-and-white display transmission-type liquid- 
crystal panel having a simple panel structure. Another object is to provide a color liquid-crystal display 
method for realizing a color display that is faithful to data by using a black-and-white display 
transmission-type liquid-crystal panel and matching the display image of color image display data with 
the color of the light source that will be lit. 

[0011] 

[Means to Solve the Problem] In order to solve the above-described problems, and attain the 
aforementioned object, the present invention uses a liquid-crystal panel with an operation mode (normally 
black mode) such that a light transmission state is assumed when image display data that is to be color 
displayed is displayed in a black-and-white display transmission-type liquid-crystal panel, and in 
accordance with the invention of the first claim, when color image display data of a plurality of colors are 
selected one by one in a time sequence and sent to a liquid-crystal panel, each color image display data is 
sent successively twice, and the color light source of the corresponding color is lit to match the second 
display of each color image display, and in accordance with the invention of the second claim, when color 
image display data of a plurality of colors are selected one by one in a time sequence and sent to a liquid- 
crystal panel, black data is sent between selected color image display data and the color light source of the 
corresponding color is lit to match the display of the selected color image display data. 

[0012] 

[Operation] With the color liquid-crystal display method in accordance with the present invention, a 
liquid-crystal display device is constructed which comprises a black-and-white display transmission- 
type liquid-crystal panel, a circuit unit for selecting color image display data by colors and supplying 
each data with time division to the liquid-crystal panel, color light sources corresponding to the colors 
of said color image display data, and a circuit unit for controlling the lighting of the color light sources 
synchronously with the supply of the color image display data to the liquid-crystal panel, and the 
display image of color image display data and the color of the light source that is lit are matched, and a 
faithful color image is displayed, by controlling the supply of the image display data of a plurality of 
colors to the panel and the lighting process of color light sources in the below-described manner. 
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panel, a circuit unit for selecting color image display data by colors and supplying each data with time 
division to said liquid-crystal panel, color light sources corresponding to the colors of said color image 
display data, and a circuit unit for controlling the lighting of said color light sources synchronously with 
the supply of said color image display data to the liquid-crystal panel, black data is sent between 
selected color image display data, and the color light source of the corresponding color is lit in order to 
match the display of the selected color image display data and black data. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial use] The present invention relates to a color liquid-crystal display method 
implemented in a color liquid-crystal display device by using, for example, an active matrix or 
ferroelectric black-and-white display transmission-type liquid-crystal panel having an image data 
holding function. 

[0002] 

[Prior Art] With conventional color transmission-type liquid-crystal display devices, column lines 
(called source lines or data lines) and row lines (called gate lines) are arranged in a two dimensional 
matrix in a liquid-crystal panel, row lines are successively selected with a gate line drive circuit 
arranged on the panel periphery, and color image display data of R, G, B colors are transferred via 
respective column lines to pixel electrodes having color filters of R, G, B colors with a source line drive 
circuit arranged on the panel periphery synchronously with the row line selection. Those row line 
selections and source line drive operations are successively repeated for all row lines in the liquid- 
crystal panel, as operation units, and color display is performed by continuously lighting a white color 
light source from the back surface of the panel. 

[0003] The pixel electrodes having color filters can be used in a variety of arrangements, for example, in 
a vertical stripe pixel arrangement in which elongated pixel electrodes of three primary colors are 
disposed in a lateral direction, and in a delta pixel arrangement in which pixel electrodes of three 
primary colors are arranged so as to be in apexes of a triangle. 

[0004] In those color pixel arrangements, for example, in the above-described vertical strip pixel 
arrangement, one row line is necessary for one color pixel, but three column lines of three colors are 
necessary, whereas in the delta pixel arrangement, 1.5 column line and 2 row lines are necessary per one 
color pixel because the adjacent pixels are used commonly. Furthermore, a color filter accompanied 
with fine processing will be necessary. 

[0005] By contrast, in a black-and-white display transmission-type liquid-crystal panel, color filters that 
require fine processing are not needed for the pixels, one row line and one column line are present for 
one monochromatic pixel, the number of wiring lines of a two-dimensional matrix is reduced, and the 
number of drive circuits for driving them may be small. 

[0006] 

[Problems To Be Solved By The Invention] In color transmission-type liquid-crystal panels, the number 
of pixels in the liquid-crystal panel; the number of wiring lines; and the number of drive circuits for 
driving the pixels are larger than those of the black-and-white display transmission-type liquid-crystal 
panels. Furthermore, RGB color filters are necessary for the RGB color pixels on the panel, the panel 
structure is complex, and the production yield is poor. Furthermore, each of the RGB color pixels 
constituting one color pixel are arranged in different positions on the panel and, for example, when only 
R color is displayed, the pixels of other G color and B color serve as light shields. Therefore, the light 
transmission surface area becomes about 1/3 of the entire pixel surface area, thereby decreasing 
chromaticity. 
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horizontal synchro signals (-VS, -HS) 81, 8 2 are inputted from outside into the timing control unit 6. The 
reference numeral 9 stands for a switch (SW) for selecting the image display data that was read from the 
frame memory 5. When the image display data is digital data, the logical product (AND) output of color 
selection control signals A, B, C is taken as a logical sum (OR), and when the input data of the source 
line driver 2 is analog data, analog conversion is also conducted in an AC conversion circuit (ALT) 10. 
The reference numeral 1 1 stands for a decoder (DEC). 

[0019] The timing waveform of the color selection control unit signals A, B, C is shown in Figure 3. 
This waveform is an output signal of the decoder 1 1 inputting a LC signal at a three-fold rate of that of 
the vertical synchro signal (-VS) 81 and is a signal serving as a base for selecting the color image display 
data and controlling lighting of the color light sources. A frame memory comprises a front surface and a 
rear surface, and when one of them is in a write mode, the other is in a read mode. The symbols r, f 
shown in Figure 2 and Figure 3 distinguish the front and rear surfaces of the frame memory. When 
writing is conducted into the frame memory 5, the color image display data R D , G D , B D of R, G, B, 
colors are written in parallel by write enable signals -rwE, -fwE- A negative logical product (NAND) 
output of the aforementioned color selection control signals A, B, C and front-rear selections signals -f/r 
for selecting the front or rear of the frame memory 5 or a negation (NOT) signal thereof is used as the 
read enable signals -rREi ~ -r RE3 , -f RE i ~ -fRE3 used for reading from the frame memory. The read clock 
RC uses a clock with a rate six times that of the write clock WC. As described with reference to Figure 
1, in order to perform the display successively two times with the liquid-crystal panel 1 by using the 
image display data of the same color, a signal with a rate six times that of the vertical synchro signal (- 
VS) 81 is used, as shown in Figure 3, as the read set signal -RRS. As a result, the "selected image 
display data S-DATA" is sent to the liquid-crystal panel 1 via the source line driver 2 in the sequence of 
R-»R— ►G-»B— > B -> R -> R as shown in Figure 3. The timings necessary in the gate line 
driver 3 and source line driver 2, for example, a gate start GS, a gate clock GCK, a source output OE, 
and a shift pulse DL, are generated from the timing signals with a rate six times that of the vertical 
synchro signal 8j and horizontal synchro signal 8 2 in the timing control unit 6. On the other hand, the 
color light source lighting control unit 4 lights the R, G, B, color light sources by using the logical 
product (AND) output of color control control signals A, B, C and negation (NOT) of LC signal. 

[0020] Next, a second embodiment relating to the case where the invention of claim 2 of the present 
invention is implemented will be described below. The elements and signals of the present embodiment 
are denoted by using the symbols identical to those of the similar elements and signals of the first 
embodiment. 

[0021] Figure 4 illustrates the relationship between the display state and how the color light sources are 
lit in the present embodiment. In the present embodiment, black data (that is, data for which the liquid- 
crystal panel assumes a light shut-down state) are displayed between the intervals in which the R, G, B 
color image display data are displayed on the liquid-crystal panel 1, the color light sources RL, GL, BL 
are lit corresponding to the display of those R color image display data and black data, G color image 
display data and black data, and B color image display data and black data. Within the interval from 
time to to time ti, the R-color color image display data are displayed on the liquid-crystal panel 1, the 
overwriting of black data that has been displayed by the liquid-crystal panel 1 with the R-color color 
image display data is started from time to, and the overwriting with the R-color image display data is 
completed over the entire surface of the liquid-crystal panel 1 at time ti. Then, from time ti to time t 2 , 
black data is sent to the liquid-crystal panel 1, and the liquid-crystal panel 1 displays black (light shut- 
down state) and prepares for the transmission of the next G-color color image display data to the liquid- 
crystal panel 1. The lighting interval of the R color light source is from time to to time t 2 in which the 
black data and R-color data are mixed on the liquid-crystal panel. Then, G-color color image display 
data is sent to and displayed on the liquid-crystal panel 1 from time t 2 to time t 3 and black data is sent 
and displayed within an interval from t 3 to t 4 . The G color light source is lit within an interval from t 2 to 
t 4 . Similarly, B-color color image display data is sent to and displayed on the liquid-crystal panel 1 from 
time t 4 to time t 5 and black data is sent and displayed within an interval from t 5 to t6. The B color light 
source is lit within an interval from U to U- 
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[0022] An embodiment of a circuit configuration for controlling the color image display data and color 
light sources in the above-described process is shown in Figure 5, and the timing chart thereof is shown 
in Figure 6. In the configuration shown in Figure 1 illustrating the first embodiment, the image display 
data of the same color were displayed successively twice, but in the present embodiment they are 
displayed only once. Therefore, the read enable signals -r^ ~ -r^, -fREi ~ -fRE3 used for reading the 
color image display data of R, G, B colors have a signal width half that of the signals shown in Figure 3 
that illustrates the first embodiment. In the period in which those read enable signals are not in an active 
state (memory read state), black data is selected from the switch 12, as shown in Figure 5, and the 
logical sum (AND) output of this data and the output of switch 9 selecting the image display data read 
out from the frame memory 5 is sent as the "selected image display data SDATA" to the AC conversion 
circuit 10. Therefore, logical products (AND) are found of the LC signal and each of color selection 
control signals A, B, C, whish are the outputs of the decoder 1 1 inputting the LC signals with a rate 
three times that of the vertical synchro signal (-VS) 8i similar to that shown in Figure 2, and the output 
of a logical product (AND) of this output and the image display data that was read from the frame 
memory 5 becomes the output of switch 9. Furthermore, the negation logical product output (NAND) of 
the logical product (AND) output of the color control signals A, B, C and LC signal and the front-rear 
selection signal -f/r for selecting the front or rear of the frame memory 5 or the negation (NOT) signal 
thereof is used for the read enable signals -r^i ~ -r^, -fREi - -fra of the frame memory. The read reset 
signal - RRS used during reading from the frame memory 5 may be a signal with a rate six times that of 
the vertical synchro signal (-VS) 8j, as shown in Figure 3, or a signal three times that, as shown in 
Figure 6. As a result, the "selected image display data S-DATA" are sent to the liquid-crystal panel 1 via 
the source line driver 2 in the sequence of R -> black — ► G — ► black -* B — > black — > R as shown in 
Figure 6. On the other hand, the color light source lighting control unit 4 lights the R, G, B, color light 
sources with the color selection control signals A, B, C, as shown by the timings in Figure 4. 

[0023] In the above-described embodiment, the gate start GS, gate clock GCK, source output OE, and 
shift pulse DL were explained by using timing signals that have a six-fold rate, without using the timing 
signals of the same rate as the usual vertical synchro signal (-VS) 8j or horizontal synchro signals (-HS) 
8 2 , as the timings necessary in the gate line driver 3 and source line driver 2. Accordingly, the timing 
signals of the read enable signals and color selection control signals of the frame memory 5 and the LC 
signals and read reset signals related thereto were also explained by employing a six-fold or three-fold 
rate. This is because, one cycle of color light sources of three primary colors was matched with the 
conventional vertical synchro signal as a rate at which no flickering of the liquid-crystal panel can be 
seen, by time-division lighting the color light sources of three primary colors. Therefore, those rates are 
not specified, no limitation is placed thereon, and they may be determined based on the stability of 
display state on the liquid-crystal display panel, the operation speed of liquid crystal, and whether a 
static image, a dynamic image, or both images are displayed. 

[0024] Furthermore, in the above-described embodiment, the switches 9, 1 1 were explained as having an 
operational function of a logical product (AND), but when the data read from the frame memory is 
subjected to analog conversion prior to passing through the switches 9, 12, that is, without analog 
conversion with the AC conversion circuit, analog switches may be considered. In this case, the color 
image display data or black data are allocated as the switch input, and the color selection control signals 
A, B, C or a logical product output thereof and the LC signal is allocated to the switch gate signal. 

[0025] Furthermore, in the above-described embodiment, the explanation was conduced by considering 
the color image display data of R color, G color, and B color as the color image display data of a 
plurality of colors, but magenta, yellow, and cyan image display data may be also taken as a plurality of 
colors, the colors corresponding to the display data may used for the color light source. Furthermore, 
whether or not the color image display data have gradation is unimportant. Assuming that they have 
gradation, a full-color liquid-crystal display can be realized. Furthermore, the above-described three 
primary colors are not limiting as a plurality of colors, and any two colors may be employed. In this 
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[0013] First, in accordance with the invention of claim 1 of the present invention, when color image 
display data of a plurality of colors are selected one by one in a time sequence and sent to a black-and- 
white display transmission-type liquid-crystal panel, the color image display data are sent successively 
twice, and the color light source of the corresponding color is lit in the second data supply interval, this 
operation being conducted for each color image display data. As a result, when the color light source is 
lit, the data of the preceding color is completely erased from the liquid-crystal panel display, and the 
display is performed by the corresponding color image display data. As a result, the color light source and 
the displayed color image display data are matched, and a color image of a faithful color is displayed. 

[0014] In accordance with the invention of claim 2 of the present invention, when color image display 
data of a plurality of colors are selected one by one in a time sequence and sent to a black-and-white 
display transmission-type liquid-crystal panel, black data is sent between selected color image display 
data, and the previous color data is completely erased from the liquid-crystal panel display by the black 
data. As a result, when the next color data is sent, the liquid-crystal panel assumes a light shut-down state. 
By lighting the color light source of the corresponding color so as to match the transfer-display period of 
each color image display data on the liquid-crystal panel, the color light source and the color image 
display data that will be displayed are matched, and a color image of a faithful color is displayed. 

[0015] 

[Embodiments] An embodiment of the present invention is described below in greater detail with 
reference to the appended drawings. An embodiment of the color liquid-crystal display method in 
accordance with the present invention will be explained by way of an example in which color image 
display data of a plurality of colors are color image display data of R color, G color, and B color, and 
those data are selected in the order of description, and sent to a liquid-crystal display panel. Negative 
logic signals are usually indicated in drawings by adding a bar above the symbol, but in the explanation 
below, a (-) sign will be added before a symbol. 

[0016] The first embodiment relating to the implementation of the invention of claim 1 will be described 
below. Figure 1 illustrates the relationship between the state in which the R, G, B color image display 
data are displayed on a liquid-crystal panel and how the color light sources corresponding to the color of 
the color image display data are lit. The reference numeral 1 in the figure stands for a liquid-crystal 
display panel (for the sake of simplicity, it is sometimes referred to hereinbelow as a panel or a liquid- 
crystal panel), -VS is a vertical synchro signal, to-fe are points in time representing the intervals thereof, 
and RL, GL, BL are color light sources. 

[0017] The transfer of color image display data and the operation of lighting the light color sources of 
the present embodiment are conducted as follows. The color image display data of B color that has been 
displayed up to immediately before time to is replaced with the color image display data of R color 
within an interval from time to to time t\. In this interval, the images of the color image display data of R 
color and B color are mixed. For this reason, the same R-color color image display data is sent again to 
panel 1 within an interval from time tl to time t2, without immediately lighting the R color light source 
RL, and the R color light source RL is lit when the sent data is displayed. Then, the same color image 
displayed data of G color is sent to the panel 1 and displayed within intervals from time t 2 to time t 3 and 
from time t 3 to time t», but the G color light source GL is lit within the interval from time t 3 to time t 4 . 
Then, the same color image display data of B color is sent to the panel 1 and displayed within intervals 
from time t 4 to time t 5 and from time t 5 to time ta, but the B color light source BL is lit within the 
interval from time t 5 to time U- The above-described operations are repeated. 

[0018] An embodiment of a circuit configuration for controlling the color image display data and color 
light sources in the above-described process is shown in Figure 2, and the timing chart thereof is shown 
in Figure 3. In the figures, the reference numeral 1 stands for a liquid-crystal display panel, 2 - a source 
line driver (S-DR), 3 - a gate line driver (G-DR), 4 - a color light source lighting control unit (LCONT), 
5 - a frame memory (M Rr M Br ), 6 - a timing control unit (CONT) for generating timing signals of 
various types. Color image display data (R D , G D , B D ) 7,, 7 2 , 7 3 of R, G, B colors and vertical and 
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case, the six-fold rate of each timing in the explanation of the above-described embodiments may be 
replaced with a four-fold rate, and a three-fold rate may be replaced with a two-fold rate. 

[0026] As described hereinabove, the present invention can be employed in a variety of ways according 
to the concept thereof, and various embodiments thereof are possible. 

[0027] 

[Effect of the Invention] As described hereinabove, the color liquid-crystal display method in 
accordance with the present invention employs a black-and-white display transmission-type liquid- 
crystal panel and color light sources corresponding to the colors of color image display data, and with a 
circuit unit for selecting one by one the color image display data of a plurality of colors and sending 
them with time division to the liquid-crystal panel, and a circuit unit for controlling the lighting of the 
color light sources, in accordance with the invention of claim 1, color image display data of each color 
from the color image display data of a plurality of colors are sent successively twice, and the color light 
sources of the corresponding colors are lit in the interval in which the second data is sent, and in 
accordance with the second invention, black data is sent between the transfer intervals of color image 
display data of each color, the previous color data is completely erased from the liquid-crystal panel 
display by the black data, the liquid-crystal panel is set to a light shut-down state, and the color light 
sources of the corresponding colors are lit to match the intervals in which each color image display data 
is transferred to and displayed on the panel. As a result, the lighting intervals of the color light sources 
and the color image display data that will be displayed on the liquid-crystal panel are matched, thereby 
enabling a color image display of a faithful color. 

[0028] Since a color liquid-crystal display is possible by using a black-and-white display transmission- 
type liquid-crystal panel, the number of pixels and wiring lines can be reduced. Furthermore, because 
the RGB color filters for the pixels are unnecessary, the structure of the liquid-crystal panel is simple, 
and an increase in the production yield of liquid-crystal panels can be expected. 

[0029] Furthermore, when a plurality of color light sources is, for example, of RGB colors, image 
display is possible from identical pixels with time division. Therefore, by contrast with the color liquid 
display panels in which RGB color pixels are arranged in different locations, the light transmission area 
can be increased about threefold and chromaticity can be improved. 

[Brief Description of the Invention] 

Figure 1 illustrates the relationship between color display image data and the lighting process of the 
corresponding color light source illustrating a first embodiment of the present invention. 

Figure 2 is a circuit diagram illustrating an embodiment of a circuit configuration for controlling color 
image display data and color light sources in the first embodiment. 

Figure 3 is a timing chart for explaining the operation of the control circuit in the first embodiment. 

Figure 4 illustrates the relationship between color display image data and the lighting process of the 
corresponding color light source illustrating a second embodiment of the present invention. 

Figure 5 is a circuit diagram illustrating an embodiment of a circuit configuration for controlling color 
image display data and color light sources in the second embodiment. 

Figure 6 is a timing chart for explaining the operation of the control circuit in the second embodiment. 
[Explanation of Symbols] 

1 - liquid-crystal display panel, 2 - source line driver, 3 - gate line driver, 4 - color light source lighting 
control unit, 5 - frame memory, 6 - timing control unit, 7 U 7 2 , 7 3 - color image display data of R, G, B 
colors, 8 b 8 2 - vertical, horizontal synchro signals, 9 - switch, 10 - AC conversion circuit, 1 1 - 
decoder, 12 -switch. 
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Translation of drawings 
Figure 1 

R color image display data is transferred 

R color image display data is transferred again 

G color data is transferred 

Data is transferred again 

G color data is transferred 

Data is transferred again 

Liquid-crystal panel display state 

Color light sources are lit 

Figure 2 

1 - liquid-crystal panel 
Figure 4 

R color image display data is transferred 

Black data is transferred 

G color data is transferred 

Black data is transferred 

B color data is transferred 

Black data is transferred 

Liquid-crystal panel display state 

Color light sources are lit 

Black 

Figure 5 

1 - liquid-crystal panel 
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[0003] -f ju^^-r-siieRasoB^jtc 

[0 00 4] cne>CD^7^-iB^E?iJ-C« 1 */^-IB3K 
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[0005] c*-ut*toT, &mm^mmmsh>**)\s 

h6*K«if*lgttHB«[feii>tt< r it*. 

[0 00 6] 

/cfigcc 3 ft , WitttRfi© ^^^-T t # ttffi cd 
Gfe. Ba©H*tt*il»f«:asfc«> % 36(Digjasa» 

[0007] ctifeoraH^w^-rs^ffiior. rg 
[0008] u^u, ^^-ia^^^-^^a^*^ 

ba^6fe*jH%^*r-r4i % WMicmmstix-i-xic 

^^)^m^HX{ t >^<om^W^^—^i!)^± 
tcWZi%%.%tiX<,>tj;i,>tc&>. m<D&<Dm&3ink-T- % 
lC£^xmtnLXi<>& SMtffimtE&tt LX^ S*iH©fe 

<fc— a-a-r, m^^<Dmmm^x^tj:i>ti^m 
[ooio] ±sewH^*JB«-rsfc»R:ft 
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[0 0 1 1 ] 

# £ s «*i3^aift}B«® > * * ji/ r u /c 4 * jtataw 

r& a > * * <> wcSS 4 4 S , & # ^ - tl^^/n 7 s - & %jk w 
*jS*ts- * c t a i -r *. 

[00 12] 

^^•^aj?LB$»«frjfta^*juccassHKW4. 
r S3iM*ja*r«w -r £ 0E§gp 4^6 7Kes^s«fi» 

#cU 1fi»fe©Hft^7n7 r -^<D^^*;^oaS0 4fe^ 
ia*-^*T*JMTOJ:5K:«IfJp-rsc4CcJ:or. 

[0013] *«W©S«*3B 1 S2«ScD«?Brtt, 

**i^UraM*^aia?B}Rfi^-*;U^S4*. 2 

aaftwrao. ccD2jsa(D7 r -^^^B#r a itc, stjes-r 

[0014] *«W©ia«S2fE*8©«WCtt k 

cnccJrO, ^<Dfecor r -^^^4^(c^^*^ 

[00 15] 
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[ooieitr, *«w©w*3H i ettcDAn^tk 

5* 0 fcttSB 4 ^ - BMftSiin**- £ (DfeCC^lS /cfe3te 

i8£CCJ;9. Wc/N-*;bifc«?KS>r^;U4BS-r) £^ 

RL. GL, BLttSe*«*7nUri»4. 
[0017] #mi&W~C<D Jj -W&Wrs"r-$ <D&m 

otf^i^ C<DH$Prf[«Rfe4Be©^7^-ii|flB[^ 

«6* . »$M t , ^ 6B$S0 t , 4 «f3E9 t , 36* 6 1 4 ©|ffl CC 

1 4 <0HICcfT^. ^Mt 4 ^e>B$Mt s 4H$Mt 5 

30 6 B$S»J t > <D HQ ^C\a] — <T) B &<DJl v -M&^-T- $ 
1 CC^murSTn-r-S^, B6fflBLO^T 

[0 0 18] CCD4^(D^?^-iij^^:7 ;r -^4fe^ 
4©«BSnaB«J5K<D— H»0IS:H2(C. ^-<D^^5>y 

^«F7-f^ (S • DR) , 3«y-hifgK^-Y^* (G 
♦ DR) , 4^a^T»g|5 (LCONT) . 5« 

40 #*«*-rs^-f 5>ywt»SB (cont) -c**. c 

©*-/5>y*0iBiaJ6K:tt, ^ff»6R. G. Bfe(D^7 
^-H^^f"-^ ( R d 1 G D . B 0 ) 7.. 7 2 . 7 3 4 

mm. fcw-mmm n ( - v s . -hs) 8 lt 8 z *a*> 

-Z^mVilrZKJ (sw) iS^*^-^^ 
-^-f ^^^^-^CDta^ifeiS^SJffllfi^A. B. C4 

(ommm (and) w^^i&ffifn (or) v-x*& 

{t@S8<ALT) 1 otefc^rr^n^ftfeif ^ 0 1 1 
50 (DEC) r^>-5» 0 
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[0 0 1 9] &SftWmfi#A. B, C<D#^3;>^ 
W(JI3 3(csu/cMr*)^ ffiffleiwi-^ ( - v 

S) 8 1 (D3<Sm&(DLCm~ZAjjt^Z7 :: zi--¥l 

(front), S (rear) PfBBfl^ttlK 

2, (33CC^L/clB-^r, f «C07U-A^-t'J(D 

h J *-7)im^~ r„ E , -f WE CCctorR, G, 
Bfe(D*7 5 -H^^-r- £ R D , G D , B 0 *mmZ 

F-Y *->Ol/ff-5f- r RE1 --r RE3 , - f RCl f RE3 

m (NOT) g#i<D5SiftfflW (NAND) mt}*m 

2@3|7n£i*£/t&k:, ^ U-Ay-^t V 5#>6<£>l^fij 
l/B$fc, R#tfJ0y-fe* hft^-RRSibr03(D<t 

5tcffiaRBwm# (-vs) StoefSiSfficDe-^ifla 
i^o zo&m, rattSftfcBft^^-irs • da 

TAJ t l,Xltm3lCtjkL?cJ:*>{ l C7 U-AftfcR— R 

— »G-*G-*B— >B— »R-*R ©jaCcv-^jKF^^/f 

2£iIUr, »a^*JH ^sienSo ^-FSSF^-Y 

y-hx^-hGS, y-h^a^GCK. v-xffl 

4«Lcff-^<7)s^ (not) tmmmmm^A, 

B, Ci<DSftiia (AND) ffl*4ffl^rS^R, G, 
[0 0 2 0 ] ^C, *»K©»*3B2E«©*?li*IS« 

[002 1] H4tt, *Hi6CTtC*5t^4}RS^^;U±© 
■Ctt, SR. G, B felMmf - ^ ^I 0 a B A^>;l, l _b 

^^-^cb^-^ctcD^^JCS^^RL. G 

l % *sMt 0 frt> ma** jv i ttcmtjk tr^ *^ir- * 
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1£SS^ (*MWt8B) SCOT, #<DGfe<7);>7^-Lij 

tfc^^-dfojKa^^*^ i^<Dj£-acc<s*£ e Rfe^ 

10 |gatc % B*S»Jt 4 36s6B#S9t stCBfecD^^-®^^^ 
- * 4. B#S>) t , A^B$SIJ t .CD Bateau- £ SrffiHi^* 

B$SiJt s ©|ffl(ctf 5. 

[0 02 2] C(7)i#©^ ^ - Bifi^^r- £ 4 fe^i® 
4©IW»HI8«jaE©"- S8K0I«I95CC. ^(D£^*>^ 
FfcHBCCTjVr. Il(Dl?]SfeM4SO/c0ir 

*H»Wriili«St4. Wc^ot, R, G, 

20 j*-z?)imn- r„ cl r j i - f „ C i- — f 

ti%<D&v - f j *-?Mwn<DT j (y^ 

^9ta^4^ffifn (and) m^f* rji^^n/cH^ 

^^-^S • DATAJ iLt, S^ftlSSSl O^ol 

m*mmmmwm <-vs> StoafigasoLc^ 

A, B. COS^iLCff-^i^f^JIffl (AND) U 

C(Dffi^i7U-Ay-t';5*^^ffli/ciM^f 

-^iCD^Sa (AND) (Dffi^*«X>f y*9<Dti&JtC 
ttS. 56^:, 7l/*-Ay^y 5<Dy-F^*-^fa 

^-r RE1 r BC3 , -f Rtl f, C sCa*. HufBfe^J 

Mf-^A. B. C 4 L Clinch CDISSa (AND) mtf 

f/r^c©s^ (not) m^to&fe&mmmt) 

(NAND) Sffll^. 7 U-A^^rj 5 3&»6©K*W 
40 0WFCcflB(,»*R*HJLy*5P F{f#- RRS^3CDJ: 

^icmmmmm^ (-vs) s.oefisafficos^rfe 

H6©J:9CC3fgiSffiTbJ:l^ C(D*S^, rjM!R$n 
/cH^^'r-^S • DATAJ t Lt^6 CC^b/c 
J: 5 CC V U-AStCR— S-^G— H^B-^H^R— gh- 
••■©IHCC V -Xi^ F 9 -f 2 *iS Lr }RS^*^ 1 ^ 

>^cc^btc^^^cm^mnmmm^A t b. ctc<t 
ot§/?R, g. Be^^tf***. 
[ o o 2 3 ] «±^«st?!ir{*, y-hmF^>r^*3<b 
50 y-x8F7-f^2tiiWftjf-f ^>^iit 4 
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>^ff-^*fflt^rift93u/c 0 enters -H-r, 

Chtt, 3 JSa©a*«©«F»jj«CC J: 4 **TCC J: ^t, 

tctc&>x%>z> 0 u^ot, cn^cDSKccoi^r^ 
[0 0 24] ai^Mrti, **g, i 

2tt^iffl (and) ©«»«fie*w-rs<>o<!:brBi 

-z^mr-zfimvmxiiti. vim 
wx&jgiRmfflmnA, b. c*fcttc*i6&Lcfi# 

±iz<D£>?(<c3m&t<cmm'rz>i><Dxtetj;< % 

S £ A % > ^©iSRr 6 {gilgco ic6^4 {giggle , 
3 fgitjgfc 2 {SifiKte^fitf J: i\ 
[0 02 6] «±© «fc 5cc % *«i8tt, *©£g{c»o 

[0 02 7] 
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^— iSfi&^j^— i ~?~3~DmtRLK5ftmx : &g* a ^* 

9 , ffiW>fe<E>T r - ^^m-t- £ (c J: o r*ga^**;i/3t^ 

cc . &36aa<D^*T 4 seh^ * * ju cc a^*r £ # ^ - §g 
[0028] ess^sua^a^^^^ffli^r*^- 

£\ fro. BilR^jcStcRGBfe^ ^;U^*s^gC[)fc«)fR 
20 [0 02 9] 3 SHSe3ejR*SCTA«RGBfeCE><t 

s& -itcmmic r g BenjiR^Kg u 
[lasfofflrvacttm] 

[0 1 ] ^mjyom i ©getewssw-^^-^iBftf 5 
[S2 ] ±iBmi<DmMmtztevzx?-mi§imm7 : - 
30 ts3 ] ±iam i (ommmictetf zM'&mmcom'E&m. 
[04] ^mivmzcomMm^rtt^-m^m&'f 
[05] ±iEm2<DmMW<Dtewzjj^~mmm:^T- 
[06] ±nm2<Dmmmictovzfflm®&(Dmftzm 

[^<z)is?g] 

i —l&Bt&Tfr**^ 2 — ^ttF^-f ^» 3— 

40 h«P9^^ 4-fe^^iT*(J®gp. 5-7U-Ay 
6-di^5>yiWfflrfflJ % 7 lf 7 a . 7,-R. 

TRJJtWt^ 9-X>f^^. 1 0 -3!£«ffciaB, 11- 
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